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IMMUNE  RESPONSE  GENE  REGULATION  OF  IMMUNITY  TO  PLASMODIUM 
BERGHEI  SPOROZOITES  AND  CIRCUMSPOROZOITE  PROTEIN  VACCINES 

Overcoming  Genetic  Restriction  with  Whole  Organism  and  Subunit  Vaccines^ 
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We  conducted  a  series  of  experiments  to  define  Ir 
gene  regulation  of  the  immune  response  to  Plas¬ 
modium  berghei  sporozoites  and  circumsporozoite 
(CS)  protein-derived  subunit  vaccines.  The  studies 
demonstrated  that  there  is  no  apparent  genetic  re¬ 
striction  of  the  capacity  to  develop  protective  im¬ 
munity  against  a  large  sporozoite  challenge  after 
immunization  with  irradiation-attenuated  P.  berg¬ 
hei  sporozoites:  that  the  Th  response  to  (Asp-Pro- 
Ala-Pro-Pro-Asn-Ala-Asn)n,  the  predominant  pro¬ 
tective  B  epitope  on  the  P.  berghei  CS  protein,  is 
genetically  restricted  and  regulated  by  Class  11 
genes  (I-A”)  and  by  genes  in  the  Class  I  region  (H- 
2D'')  or  telomeric  to  this  region;  and  that  this  restric¬ 
tion  can  be  overcome  by  immunization  with  a  r 
protein  including  the  entire  P.  berghei  CS  protein. 
The  results  support  the  development  of  full  length 
human  CS  protein  vaccines  to  take  advantage  of  all 
potential  T  epitopes  on  this  protein. 

There  are  currently  two  major  areas  of  focus  in  the 
malaria  sporozoite  vaccine  development  field.  One  is  to 
define  further  the  cellular  mechanisms  of  protective  im¬ 
munity  induced  by  immunization  with  irradiated  sporo¬ 
zoites  ( 1  -6).  and  to  develop  subunit  vaccines  that  induce 
comparable  immunity  (7).  Such  vaccines  have  been  stud¬ 
ied  only  in  animal  models.  The  second  is  to  develop 
vaccines  that  induce  protective  levels  of  antibodies  to  the 
repeat  regions  of  the  circumsporozoite  proteins  of  the 
human  and  rodent  malarias.  Thus  far.  the  response  of 
humans  to  malaria  subunit  vaccines  has  been  inconsist- 
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ent  and  disappointing  in  regard  to  the  development  of 
protective  levels  of  antibodies  (8.  9).  Genetic  restriction 
of  the  Th  response  to  the  T  cell-dependent.  Plasmodium 
falciparum,  repeat  region  T  epitope  (10-14)  may  have 
contributed  to  the  poor  immunogenicity  of  these  vac¬ 
cines. 

Sporozoites  from  human  malarias  do  not  infect  mice, 
thus  experiments  conducted  in  the  rodent  malaria  model 
systems  have  provided  the  foundation  for  human  malaria 
sporozoite  vaccine  development.  To  refine  our  strategies 
for  developing  human  vaccines,  we  have  used  Plasmo¬ 
dium  berghei.  a  rodent  malaria,  to  define  the  role  of 
immune  response  (Ir)  genes  in  the  immunologic  response 
to  P.  berghei  sporozoites  and  subunit  CS  protein  vac¬ 
cines. 


MATERIALS  AND  METHODS 

Mice.  H-2  congenlc  mice  on  the  BIO  background  were  purchased 
from  The  Jackson  Laboratory.  Bar  Harbor.  ME.  provided  by  Dr. 
David  H.  Sachs  of  the  National  Cancer  Institute.  Bethesda.  MD.  or 
bred  at  our  facility. 

Sporozoites.  All  experiments  were  conducted  with  sporozoites  of 
the  NK65  strain  of  P.  berghei.  that  were  raised  In  Anopheles  Ste¬ 
phens!  and  harvested  in  Medium  199  containing  5^r  normal  mouse 
serum. 

CS“  protein  Ag.  The  CS  protein  of  P.  berghei  like  other  CS  pro¬ 
teins,  has  a  central  repeat  region  (15.  16).  Immunization  with  the 
predominant  repeat.  Asp-Pro-Ala-Pro-Pro-Asn-Ala-Asn  (DPAPPNAN) 
conjugated  to  KLH  has  been  shown  to  Induce  protective  Immunity 
against  sporozoite  challenge  (4).  We  used  the  synthetic  peptide 
(DPAPPNAN),i  (Peninsula  Laboratories.  Belmont,  CA)  for  immuniza¬ 
tions  and  for  determination  of  antibody  response  by  enzyme-linked 
Immunosorbent  assay  (ELISA).  In  addition  a  r  protein  produced  in 
Escherichia  coli.  pMGB2  CS  (7).  was  used  for  immunizations. 
pMGB2  CS  is  composed  of  all  the  amino  acid  residues  of  the  P. 
berghei  CS  protein,  and  at  the  amino  terminus.  6  additional  residues 
(Met-Asp-Pro-Trp-Arg-Lys).  The  first  five  are  contributed  by  the 
expression  vector  (pMG27  NTrm)  (7).  Because  of  a  unique  Dra  1  site 
at  the  Initiating  methionine  (16)  In  the  genomic  clone,  the  codon  for 
a  lysine  residue  was  also  Included  (W.  R.  Majarian.  unpublished). 

Immunization  with  irradiated  sporozoites  and  challenge.  Mice 
were  Immunized  with  four  Intravenous  doses  (tall  vein)  of  Irradia¬ 
tion-attenuated  sporozoites  (1 ,5  X  10'*  R.  ""Co  source),  7.5  x  lO",  2.0 
X  10^,  2.0  X  10^,  and  2.0  x  10''  irradiation-attenuated  sporozoites 
were  given  at  2-wk  Intervals.  Mice  were  challenged  2  wk  after  the 
last  immunization  by  the  Intravenous  Injection  of  10''  normal  .spo¬ 
rozoites. 

Immunization  with  IDPAPPNANhand  pMGB2  CS.  The  first  dose 
of  75  (ig  In  PBS.  pH  7.2.  was  emulsified  in  CFA  (DIfeo  Laboratories, 
Detroit,  MI),  and  the  second  dose  of  50  jig  and  the  third  dose  of  75 
l/g  were  emulsified  in  IFA  (DIfeo).  They  were  administered  Intramus- 

Abbreviation  used  In  this  paper:  CS.  eircumspomzite. 
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cularly.  Control  mire  lor  all  experiments  reeelved  adjuvant  alone. 

IgG  Antibodies  to  CS  protein.  ELISA  was  performed  as  previously 
described  (4|.  using  (DPAPPNAN):,  as  the  Agon  ELISA  plates. 

Indirect  fluorescent  antibody  test.  Indirect  fluorescent  antibody 
test,  was  performed  with  NK  65  P.  berghei  sporozoites  using  meth¬ 
ods  previously  described  (17|.  When  incubated  with  normal  serum 
or  scrum  from  mice  immunized  with  adjuvant  alone  there  was  no 
fluorescence  at  a  serum  dilution  of  1/8. 

RESULTS 

Protection  after  immunization.  All  nine  strains  of  con- 
genic  mice  that  were  immunized  with  four  doses  of  irra¬ 
diated  P.  berghei  sporozoites  developed  some  degree  of 
protective  immunity  against  challenge  with  lO"*  sporo¬ 
zoites  (Table  1). 

Antibody  response  after  immunization  with  irradi¬ 
ated  sporozoites.  All  nine  strains  of  mice  immunized 
with  irradiated  sporozoites  made  antibodies  to 
DPAPPNAN  (Table  11).  This  indicated  that  Th  from  all 
strains  of  mice  responded  to  (DPAPPNAN).,,  or  that  other 
T  cell  sites  on  the  CS  protein  or  the  sporozoite  were 
providing  T  cell  help  for  production  of  antibodies  to 
(DPAPPNAN):,. 

Restriction  of  response  to  immunization  with 
(DPAPPNAN):!.  To  determine  which  strains  actually  had 
Th  that  responded  to  (DPAPPNAN)a.  we  immunized  eight 
of  the  nine  strains  of  congenic  mice  (all  except  BIO.RIII) 
with  (DPAPPNAN).a.  Only  BIO  and  BIO.BR  mice  made 
antibodies  to  (DPAPPNAN):,.  A  class  11  molecule  on  Ag- 
presenting  cells,  generally  1-A  or  1-E.  is  required  for  the 
interaction  of  a  Th  determinant  and  the  ThR.  BIO  mice 
were  the  only  b  haplotype  mice  tested,  and  the  only  class 
II  molecule  expressed  by  these  mice  is  I-A*’,  indicating 
that  in  BIO  mice  this  molecule  was  involved  in  the  regu¬ 
lation  of  production  of  antibodies  to  (DPAPPNANjs. 

TABLE  1 

Nine  strains  of  congenic  mice  (see  Table  II Jor  H-2  alleles)  immunized 
with  Jour  doses  of  irradiated  P.  berghei  sporozodes  were  protected 
against  challenge  with  10'  P.  berghei  sporozoites 


Strain 

Immunized 

Naive 

N 

Infected 

N 

Infected  (‘^c) 

B10.D2 

10 

0 

10 

8  (80%) 

BIO 

15 

0 

15 

12  (80%) 

BIO.BR 

9 

2  (22%) 

10 

9  (90%) 

BIO.M 

10 

1  (10%) 

10 

10(100%) 

BIOS 

9 

2  (22%) 

7 

7  (100%) 

BIO.9 

5 

0 

5 

5  (100%) 

BIO.P 

4 

1  (25%) 

2 

2  (100%) 

BIO.A 

5 

0 

5 

4  (80%) 

BIO.RIII 

4 

0 

Total 

71 

6 

(8%) 

64 

57  (89%) 

TABLE  II 

Antibodies  to  IDPAPPNAN)^.  the  predominant  octapeptide  repeat  of 

the  P.  berghei  CS  protein,  two  wk  after  the  fourth  dose  of  irradiated 

sporozoites. ‘ 

H-2  alleles 

Antibodies  to 

(DPAPPNANb 

K 

A 

B 

J 

E  C  S  D 

(ELISA) 

BIO  b 

b 

b 

b 

b  b  b  b 

2.1  ±  0.08 

BIO.BR  k 

k 

k 

k 

k  I 

[  k  k 

1.9  ±  0.38 

BI0.D2  d 

d 

d 

d 

d  d 

1  d  d 

2.2  ±  0.22 

BIOS  s 

s 

s 

s 

s  s 

1  S  8 

1.6  ±0.46 

BIO.A  k 

k 

k 

k 

k  d 

1  d  d 

2.0  ±  0.21 

BIO.M  f 

f 

f 

f 

f  f 

f  f 

2.2  ±  0.13 

BIO.Q  q 

q 

q 

q 

q  d 

1  q  q 

2.1  ±  0.02 

BIO.P  p 

p 

p 

p 

p  f 

>  p  p 

2.3  ±0.14 

BIO.RIII  r 

r 

r 

r 

r  r 

r  r 

2  4±0.15 

“The  data  represent  the  mean  ±  SD  absorbance  In  the  ELISA  at  a 
dilution  of  1/50  of  pooled  sera.  Pooled  sera  from  non-lmmunized  mice  of 
the  same  strains  had  an  absorbance  of  0. 1  ±  0.07. 


BIO.BR  and  BIO. A  are  identical  at  the  I-A  and  1-E  loci  (1- 
A'*  and  1-E‘‘)  (see  Table  11),  yet  only  BIO.BR  mice  produced 
antibodies  after  immunization  with  (DPAPPNAN):,.  Since 
BIO.BR  and  BIO. A  mice  differ  only  at  the  1-C  class  11.  the 
S.  and  at  the  class  1  H-2D  loci  (see  Table  11),  we  expected 
that  the  Ir  locus.  1-C  was  involved  in  regulation  of  pres¬ 
entation  of  the  Th  determinant  on  (DPAPPNAN)3  to  the 
ThR.  To  determine  if  this  was  the  case,  we  immunized 
B 1 0.  AL  mice  with  (DPAPPNAN):,.  These  mice  are  identical 
to  BIO.BR  at  all  H-2  class  11  loci  (H-2‘‘).  and  at  the  H-2K'' 
class  1  locus,  but  differ  at  the  H-2D‘’  class  1  locus  (Fig.  1). 
BIO.AL  mice  did  not  produce  antibodies  to  (DPAPPNAN)3 
(Fig.  1).  indicating  that  the  Class  1  H-2D/L  molecules  or 
Qa  molecules  telomeric  to  H-2  are  Involved  in  the  regu¬ 
latory  control  of  the  antibody  response  to  (DPAPPNAN)3 
in  BIO.BR  mice. 

Overcoming  the  restriction  oj  response  to 
(DPAPPNANij.  To  determine  if  there  were  T  cell  epitopes 
on  the  P.  berghei  CS  protein  that  could  provide  help  for 
production  of  antibodies  to  the  repeat  region  in  mice  that 
did  not  respond  to  immunization  with  (DPAPPNAN).-, 
alone,  we  immunized  the  2  responder  strains  (BIO  and 
BIO.BR)  and  4  non-responder  strains  (B10.D2.  BIO. A, 
B 1 0.S,  and  B 1 0.P)  with  the  f ull  length  CS  protein,  pMGB2 
CS.  All  6  strains  of  mice  produced  antibodies  to 
(DPAPPNAN)3.  Among  BIO.  B10.D2,  and  BIO.BR  mice 
the  antibody  response  was  comparable  to  or  better  than 
that  achieved  after  immunization  with  four  doses  of  ir¬ 
radiated  sporozoites.  The  absorbance  at  serum  dilutions 
of  1/100  and  1/400  for  pMGB2  CS  vs.  irradiated  sporo¬ 
zoite  immunized  animals  were  2.9  and  2.6  vs.  2.3  and 
1.2  (BIO),  1.9  and  0.5  vs.  2.3  and  1.2  (B10.D2),  and  2.5 
and  1.5  vs.  2.3  and  1.2  (BIO.BR).  The  results  of  an 
experiment  comparing  Immunization  with  (DPAPPNAN)3 
to  immunization  with  pMGB2  CS  in  five  strains  of  mice 
are  shown  in  Table  111.  IFA  titers  against  P.  berghei 
sporozoites  correlated  with  the  level  of  antibodies  to 


RECIPROCAL  SERUM  DILUTION 

Figure  I.  Antibodies  to  (DrAPPNANJj  7  days  after  the  third  Immuni¬ 
zation  with  (DPAPPNANla  In  pooled  sera  (N  -  4  or  5);  BIO.BR  (Immune  O. 
controls  •).  BIO. A  (Immune  □.  eontrols  ■).  and  BIO.AL  (Immune  A. 
controls  A)  mice. 


TABLE  III 

Antibodies  to  (DPAPPNANIs  two  weeks  after  the  third  dose  of 
(DPAPPNANI3  and  pMGB2  CS  (full  length  CS  protetnj 


Antibodies  to  (DPAPPHAN)* 

Immunized  with  (DPAPPNANls 

Immunized  with  pMGB2  CS 

BIO 

1.48  ±0.167 

2.86  ±  0.039 

BIO.BR 

0.41  ±  0.068 

2.52  ±  0.081 

B10.D2 

0.07  ±  0.052 

1.92  ±  0.179 

BIO.S 

0.03  ±  0.024 

1.10  ±  0  .164 

BIO.A 

0.05  ±0.021 

0.56  ±  0.051 

“  The  data  represent  the  mean  (N  -  5)  absorbance  by  ELISA  of  pooled 
sera  at  a  dilution  of  I/IOO.  Mice  Immunized  with  adjuvant  In  PBS  had  an 
absorbance  of  0.042  ±  0.017  (Mean  ±  SD) 
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(DF’Al’PNANI Tlifv  vvcrt-  rt-spei  livoly  1/32  aiui  1/256 
for  BIO.HK  and  HIO  miro  immunized  witn  (IjPAPPNAN):,. 
and  were  1/128  (BIO.S  and  BIO. A).  1/256  (BIO. 132).  1/ 
512  (BIO.BR).  and  1/1024  (BIO)  for  the  miee  in  Table  III 
immunized  with  pMGB2  CS. 

Challenge  of  IDPAPPN AN),  and  pMGB2  CS  immu¬ 
nized  mice  with  P.  berghei  sporozoites.  Two  wk  after 
the  third  dose  of  vaeeine,  the  miee  whose  antibody  levels 
are  shown  in  Table  111  were  ehallenj^ed  by  the  intravenous 
administration  of  1500  P.  berghei  sporozoites.  All  of  the 
miee  developed  an  erythroeytie  statue  P.  berghei  infee- 
tion. 

niSCLlSSION 

The  response  of  miee  immunized  with  rodent  malaria 
vaeeines  has  been  predietive  of  human  response  to  hu¬ 
man  malaria  vaeeines.  The  observation  that  immuniza¬ 
tion  with  irradiation-attenuated  sporozoites  protected 
against  sporozoite  challenge  was  made  in  the  P.  berghei 
rodent  system  (18)  before  being  tested  in  humans  (19- 
221.  and  the  poor  protection  after  immunization  with  first 
generatic;.  '.'.uman  sporozoite  vaccines,  that  were  de¬ 
signed  to  induce  antibody-mediated  protective  immunity 
(8.  9),  was  also  predicted  bv  studies  in  this  model  system 
(4). 

If  there  were  restriction  of  induction  of  a  protective 
cell-mediated  response  to  a  whole  organism  sporozoite 
vaccine  in  miee.  we  would  expect  great  difficulty  in  de¬ 
veloping  subunit  vaccines  to  induce  a  protective  cellular 
response  consistently  in  humans.  We  therefore  designed 
a  study  to  determine  if  there  was  genetic  restriction  of 
the  capacity  of  mice  to  develop  cell-mediated  protective 
immunity  after  immunization  with  irradiated  sporo¬ 
zoites.  In  a  previous  study  we  showed  that  naive,  suble- 
thally  irradiated  recipients  of  immune  T  cells  were  pro¬ 
tected  against  challenge  with  10'  sporozoites  (4).  How¬ 
ever.  mice  immunized  with  a  synthetic  peptide  or  an 
Escherichia  coli-produced  recombinant  fusion  protein, 
subunit  P.  berghei  CS  protein  vaccine,  despite  having 
much  higher  levels  of  antibodies  to  sporozoites  than  mice 
that  received  immune  T  cells  in  adoptive  transfer,  were 
protected  against  challenge  with  500.  but  not  10  '  sporo¬ 
zoites  (4).  Since  this  study  was  designed  to  determine  if 
there  was  genetic  restriction  of  the  capacity  of  mice  to 
develop  cell-mediated  protective  immunity  after  immu¬ 
nization  with  irradiated  sporozoites  we  challenged  with 
10'  sfxirozoite.  a  dose  expected  to  overcome  antibody- 
mediated  immunity.  The  finding  that  all  strains  of  mice 
developed  some  degree  of  protective  immunity  is  encour¬ 
aging  for  human  vaccine  development.  None  of  these 
mice  developed  levels  of  antibodies  to  the  P.  berghei 
repeats  or  whole  sporozoites  that  we  consider  adequate 
to  protect  against  such  a  large  sporozoite  challenge.  We 
expect  that  as  in  the  C57BL/6  (H-2'’)  (4).  Balb/C  (H-2‘')  (4. 
5).  and  A/J  (H-2  ')  (6)  mice  previously  studied,  the  protec¬ 
tion  was  at  least  in  part  conferred  by  cellular  immune 
mechanisms.  Since  the  response  to  all  individual  CS 
protein -derived  T  cell  epitopes  studies  thus  far  has  been 
highly  restricted  (10-1 3),  the  finding  that  all  nine  strains 
of  mice  were  protected,  implies  that  there  are  multiple 
epitopes  Involved  in  this  protective,  presumably  T  cell- 
mediated  response.  Experiments  conducted  with  a  Sal¬ 
monella  typhlmurium  pMGB2  r  in  H-2''  mice  suggest 
that  there  is  at  least  one  protective  T  cell  epitope  on  the 


CS  prolcin  (7).  Studies  are  in  progress  to  define  this  and 
other  protective  f  epitopes. 

Wc  next  undertook  to  define  the  pattern  of  Th  response 
to  (DPAPPNAN):,.  a  protective  (4)  B  epitope  on  the  P. 
berghei  CS  protein,  by  assessing  production  of  antibodies 
after  immunization  with  the  peptide.  As  was  the  case 
with  the  P.  falciparum  protective  repeat  (NANP)„  (10.  II). 
the  T  cell  response  response  to  immunization  with 
(DPAPPNAN);,  was  restricted.  Only  two  of  the  nine  strains 
of  mice  studied  produced  antibodies  to  (DPAPPNAN);, 
after  immunization.  In  BIO  mice  the  association  between 
1-A''  class  II  molecule,  Th  determinant,  and  the  T  cell  R 
required  for  antibody  production  appears  straightfor¬ 
ward.  However,  the  antibody  response  in  BIO.BR  mice  is 
unusual  in  that  H-2  class  II  molecules  alone  do  not  appear 
to  regulate  the  response.  The  results  indicate  that  genes 
in  the  class  I  region,  or  telomeric  to  this  region  regulate 
the  antibody  response  to  this  Ag.  There  is  some  precedent 
for  class  I  regulation  of  an  antibody  response  to  equine 
myoglobin  (23).  but  such  regulation  is  a  rare  phenome¬ 
non. 

Genetic  restriction  of  the  development  of  antibodies  to 
a  T  cell  dependent  protein  antigen  can  be  overcome  by 
addition  of  carrier  molecules  to  a  vaccine.  However,  in 
the  case  of  an  anti-CS  protein  vaccine,  it  would  be  optimal 
if  priming  of  Th  were  accomplished  by  sporozoite-derived 
molecules,  so  that  natural  exposure  to  sporozoites  could 
boost  vaccine-induced  antibodies.  Having  defined  the  re¬ 
striction  of  response  to  (DPAPPNAN),,  we  immunized 
mice  with  pMGB2  CS.  a  r  protein  that  includes  the  entire 
P.  berghei  CS  protein.  It  is  likely  that  the  response  to  any 
single  Th  epitope  on  the  CS  protein  is  highly  restricted 
(10-13).  Therefore,  the  demonstration  that  immuniza¬ 
tion  with  pMGB2  CS  elicited  antibodies  to  (DPAPPNAN)., 
in  all  six  strains  of  mice  studied  provides  strong  evidence 
that  there  are  multiple  Th  sites  on  the  P.  berghei  CS 
protein.  An  alternative  possibility,  that  the  6  non-CS 
protein  amino  acid  residues  at  the  amino  terminus  of 
pMGB2  CS  combined  with  CS  protein  derived  residues  to 
create  a  T  cell  site  that  provided  help  in  some  of  the  mice 
that  did  not  respond  to  (DPAPPNAN);,  alone  seems  un¬ 
likely.  It  is  of  interest  that  immunization  with  a  vaccinia 
r  construct  that  includes  the  entire  gene  encoding  the  P. 
Jalciparum  CS  protein  induced  antibodies  to  the  repeat 
regions  in  a  minority  of  strains  of  mice  studied  (24).  This 
Incomplete  response  as  compared  to  that  to  pMGB2  CS 
may  be  due  to  differences  between  the  CS  proteins  of  the 
two  species  of  malaria,  the  immunogens  secondary  to 
glycosylation  or  other  p>ost  translational  modifications, 
or  the  processing  or  presentation  of  the  E.  coli  and  vac¬ 
cinia-produced  CS  proteins. 

Immunization  with  (DPAPPNAN)2  conjugated  to  KLH 
(4),  with  a  r  protein  including  most  of  the  P.  berghei  CS 
protein  (4),  and  with  pMGB2  CS  (unpublished)  protect 
against  challenge  with  500-1000  P.  berghei  sporozoites. 
The  3  doses  of  pMGB2  CS  used  in  this  study  did  not 
protect  against  challenge  with  1500  P.  berghei  sporo¬ 
zoites.  The  presence  of  additional  CS  protein-derived  Th 
epitopes  on  the  E.  coil-produced  protein  did  not  Improve 
the  protective  antibody  response  as  compared  to  the 
(DPAPPNAN).2-KLH  vaccine.  Nor  did  this  regimen  Induce 
the  cell-mediated  Immune  response  thought  to  protect 
mice  immunized  with  S.  tyhimurium  transformed  with 
the  pMGD2  plasmid  (7).  Achieving  expression  of  full 
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length  P.  falciparum  and  P.  vivax  CS  protein  vaecines. 
analogous  to  pMGB2  CS.  adequate  for  economical  protein 
purification  has  been  technically  difficult.  Since  the  re¬ 
peat  region  is  the  target  for  antibody  vaccines,  the  ap¬ 
proach  has  been  to  include  non-malaria  carriers  to  pro¬ 
vide  T  cell  help  for  this  highly  restricted  epitope  (8.  9. 
26).  Our  data  support  the  development  of  full  length 
human  CS  protein  vaccines  to  take  advantage  of  all  CS 
protein-derived  T  epitopes.  Such  epitopes  may  play  a  role 
in  improving  the  response  to  immunization  with  vaccines 
designed  to  produce  antibodies  to  the  repeat  region  of  the 
CS  protein,  providing  sites  for  boosting  of  primary  anti¬ 
body  responses  by  natural  exposure  to  sporozoites,  and 
inducing  cell-mediated  immunity.  However,  unless  Ag 
presentation  and  processing  can  be  improved  by  use  of 
novel  adjuvants,  carriers,  or  other  methods,  the  humoral 
or  cellular  immune  responses  induced  by  immunization 
with  such  vaccines  may  not  consistently  protect  against 
exposure  to  intense  malaria  transmission. 
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